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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a tunnel magneto-resistive effect component containing the ferromagnetic tunnel effect film, a 
magnetic-bias means, the 1 st conductive layer, and the 2nd conductive layer. Said ferromagnetic tunnel effect film 
It has the structure whose tunnel barrier layer was pinched by the free layer and the pinned layer. Said magnetic- 
bias means It is what impresses a bias field to said free layer. Said 1 st conductive layer It is arranged at the whole 
surface side of said ferromagnetic tunnel effect film, and flows electrically on said ferromagnetic tunnel effect film. 
Said 2nd conductive layer On the other hand, it is arranged at a side, and flows electrically on said ferromagnetic 
tunnel effect film, said ferromagnetic tunnel effect film — either [ at least ] said 1 st conductive layer or the 2nd 
conductive layer The tunnel magneto-resistive effect component which produces the field component of the same 
direction as said bias field according to the sense current which flows to self. 

[Claim 2] It is the tunnel magneto-resistive effect component indicated by claim 1. Said 1st conductive layer The 
1 st electrode / magnetic-shielding section, and the 1 st lead polar zone are included. Said the 1 st electrode / 
magnetic-shielding section It is arranged at the whole surface side of said ferromagnetic tunnel effect film. Said 1 st 
lead polar zone The tunnel magneto-resistive effect component with which the sense current which flows in said 
the 1 st electrode / magnetic-shielding section follows electrically a part of said the 1 st electrode / magnetic- 
shielding section in the location which produces the field component of the same direction as said bias field. 
[Claim 3] It is the tunnel magneto-resistive effect component which continues electrically at a part of said the 1st 
electrode / magnetic-shielding section in the location which is the tunnel magneto-resistive effect component 
indicated by claim 2; and 'wasi separated from the center line of said ferromagnetic tunnel effect film with which the 
direction of said bias field and said 1 st lead polar zone cross at right angles in the direction of said bias field. 
[Claim 4] It is the tunnel magneto-resistive effect component indicated by any of claims 2 or 3 they are. Said 2nd 
conductive layer The 2nd electrode / magnetic-shielding section, and the 2nd lead polar zone are included. Said the 
2nd electrode / magnetic-shielding section On the other hand, it is arranged at the side, said ferromagnetic tunnel 
effect film — said 2nd lead polar zone The tunnel magneto-resistive effect component with which the sense current 
which flows in said the 2nd electrode / magnetic-shielding section follows electrically a part of said the 2nd 
electrode / magnetic-shielding section in the location which produces the field component of the same direction as 
said bias field. 

[Claim 5] It is the tunnel magneto-resistive effect component which continues electrically at a part of said the 2nd 
electrode / magnetic-shielding section in the location which is the tunnel magneto-resistive effect component 
indicated by claim 4. and was separated from the center line of said ferromagnetic tunnel effect film with which the 
direction of said bias field and said 2nd lead polar zone cross at right angles in the direction of said bias field. 
[Claim 6] It is the tunnel magneto-resistive effect component which is a tunnel magneto-resistive effect component 
indicated by any of claims 4 or 5 they are, divides said 1st lead polar zone and said 2nd lead polar zone into the both 
sides of said center line, and is arranged. 

[Claim 7] It is the tunnel magneto-resistive effect component to which it is the tunnel magneto-resistive effect 
component indicated by any of claims 4 or 5 they are. and said 1 st lead polar zone and said 2nd lead polar zone are 
located in one side of said center line. 

[Claim 8] It is the tunnel magneto-resistive effect component indicated by any of claims 6 or 7 they are. The 1 st 
central point set up as the middle point of boundary length on the boundary line produced between said the 1st 
electrode / magnetic-shielding section, and said 1st lead polar zone. Or the 2nd central point set up as the middle 
point of boundary length on the boundary line produced between said the 2nd electrode / magnetic-shielding 
section, and said 2nd lead polar zone. The tunnel magneto-resistive effect component whose plane angle which the 
segment which connects the central point set as said ferromagnetic tunnel effect film makes to the segment 
lengthened in the direction of said bias field is 5 degrees or more. 

[Claim 9] that to which it is the tunnel magneto-resistive effect component indicated by any [ claim 1 thru/or ] of 8 
they are, as for said bias grant means, said magnetic-bias means impresses a bias field to said bias field induction 
layer including a bias grant means and a bias field induction layer, and said bias field induction layer impresses a bias 
field to said free layer — it is — such — a ** tunnel magneto-resistive effect component. 

[Claim 10] For said bias field induction layer, an end is the tunnel magneto-resistive effect component for which it is 
the tunnel magneto-resistive effect component indicated by any [ claim 1 thru/or ] of 9 they are. and said flux guide 
section constituted the flux probe section, and has projected it including the flux guide section by width of face with 
said flux probe section narrower than full [ of said magnetic-bias means ]. 
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[Claim 11] It is the tunnel magneto-resistive effect component indicated by any [ claim 1 thru/or ] of 9 they are. 
Said magnetic-bias means A bias grant means^ a bias field induction layer, and a flux guide layer are included. Said 
bras grant means It is what impresses a bias field to said bias field induction layer. Said bias field induction layer It is 
what impresses a bias field to said free layer. Said flux guide layer As the direction of the bias field of said bias field 
induction layer is intersected, while a laminating is carried out to said bias field induction layer It is the tunnel 
magneto-resistive effect component which it was magnetically combined with said free layer, and the end 
constituted the flux probe section, and the width of face of said flux probe section is narrower than the width of 
face of said bias field induction layer, and has been projected from said bias field induction layer. 
[Claim 1 2] It is the thin film magnetic head which it is the thin film magnetic head containing at least one read-out 
component, and said read-out component becomes with the tunnel magneto-resistive effect component indicated 
by any [ claim 1 thru/or ] of 10 they are. 

[Claim 13] The thin film magnetic head which is the thin film magnetic head indicated by claim 12, and contains at 
least one write-in component further. 

[Claim 14] the thin film magnetic head indicated by claim 13 — it is — said write-in component — an induction type 

electromagnetism — a sensing element — it is — said induction type — electromagnetism — the thin film 
magnetic head from which the sensing element contains the 1st magnetic film, 2nd magnetic film, and gap film, each 
end is separated with said gap film, and )Said the 1st magnetic film and said 2nd magnetic film constitute the write-in 
pole section. 

[Claim 15] the thin film magnetic head indicated by claim 13 — it is — said write-in component — an induction type 

electromagnetism — a sensing element — it is — said induction type — electromagnetism — the thin film 
magnetic head with which said 1 st magnetic film contains the main pole and an auxiliary magnetic pole including the 
1 St magnetic film and the 2nd magnetic film in the sensing element, said main pole constitutes the perpendicular 
write-in pole section, and said auxiliary magnetic pole has combined magnetically said main pole and said 1st 
magnetic film. 

[Claim 16] It is magnetic-head equipment with which are magnetic-head equipment containing the thin film magnetic 
head and head means for supporting, and said thin film magnetic head was indicated by any [ claim 12 thru/or ] of 
15 they are, and said head means for supporting come to support said thin film magnetic head. 
[Claim 1 7] It is the magnetic disk drive with which are a magnetic disk drive containing magnetic-head equipment 
and a magnetic disk, and said magnetic-head equipment was indicated by claim 16, and said magnetic disk comes to 
carry out magnetic recording and playback between said magnetic-head eouipmerrt 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a tunnel magneto-resistive effect component (a TMR component is 

called below), the thin film magnetic head, magnetic-head equipment, and a magnetic disk drive 

[0002] 

[Description of the Prior Art] The head of high sensitivity and high power is demanded in connection with the 
densification of a hard disk (HDD). The TMR component attracts attention as what meets this demand The TMR 
component uses the ferromagnetic tunnel effect film which consists of multilayer structure of a ferromagnetic 
layer / tunnel barrier layer / ferromagnetic layer. The ferromagnetic tunnel effect means the phenomenon in which 
the tunnel current which flows a tunnel barrier layer changes depending on whenever [ angular relation / of 
magnetization of both ferromagnetic layers ]. when passing a current between the ferromagnetic layers of the pair 
whose tunnel barrier layer is pinched. The tunnel barrier layer in this case is a thin insulator layer, and it can pass an 
electron, saving spin according to the tunnel effect 

[0003] In the TMR component it is reported that 12% or more of resistance rate-of^change **R/R is shown, about 
[ from which application of magnetic HEDDOHE still began although such a TMR component was expected as a 
next-generation sensor which replaces the sensor which used the spin bulb film (the Spin Valve film and the 
following SV film are called) ] — it is — as or>e of the present technical problems — a TMR property — the 
maximum student or **** — development of new, head structure is mentioned That is, m order for the 
ferromagnetic turmel.effect film, itself to take the geometric structure of passing a current in the thickness direction 
of a cascade screen^ the design of new head structure by which the conventional proposal is not made is required 
[0004] The conventional example which applied the TMR component to magnetic-head structure is indicated by 
U.S.P.5J29.410, U.S.P.5,89a547, U.S.PA898,548, U.S.P.5,901.Dia etc. In these official reports, the technical 
improvement is proposed that it can respond mainly to super-Ngh density record However* the development 
demand of the TMR magnetic head to superH^gh density record will become more advanced, and it waits eageriy for 
the proposal of the highly efficient TMR magnetic head also compared with the former 

[0005] For example, it is very important how when using a TMR component as a reading component of the thin film 
magnetic head, a means to impress a bias field to a free layer is constituted, in order to secure operational stability. 
Since a current flows to a film surface perpendicular in the case of a TMR component if a hard magnet is contacted 
at the component edge like a GMR head, a TMR component will short-circuit with a hard magnet and a current will 
not flow in a tunnel barrier layer The problem that TMR rate of change is no longer obtained as a result, and a head 
output is no longer obtained occurs. 

[0006] In order to avoid such a thing, U.S.P.5,729,410 are indicating the structure of insulating between TMR 
components with a hard magnet by the thin insulating layer Moreover this invention persons made T-like 
configuration the soft magnetism film which constitutes the flux probe section, extended the base of the flux probe 
section crosswise [ truck ], considered as the configuration where width of face is wider than the ferromagnetic 
tunnel effect film, and proposed the structure which forms a hard magnet or an antiferromagnetism layer in a part 
for the both ends (Japanese Patent Application No. No. 171869 [ 1 1 to ]). 

[0007] However, in connection with the densification of record, the magnetic record pattern recorded on media is 
reduced, and the area of the TMR component carried in the reproducing head must also be reduced in connection 
with it For example, in order to make it adapted for the recording density of 40Gbspi. a TMR component must be 
reduced even to the size of 0.4x0.4 (micrometer2) extent the size of the hard magnet which naturally impresses a 
bias field to a free layer, or the antiferromagnetism film — small — not becoming — even if it does not obtain but 
applies the advanced technology mentioned above, it becomes difficult to impress sufficient bias field for a free 
layer 
[0008] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is to offer a TMR component 
applicable to super-high density record, the thin film magnetic head, magnetic-head equipment, and a magnetic disk 
drive. 

[0009] Another technical problem of this invention is offering the TMR component which can reinforce the bias field 
impressed to a fi-ee layer, the thin film magnetic head, magnetic-head equipment, and a magnetic disk drive 
[0010] 

[Means for Solving the Problem] In order to solve such a technical problem, the TMR component concerning this 
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invention contains the ferromagnetic tunnel effect film, a magnetic-bias means, the 1st conductive layer, and the 
2nd conductive layer. 

[001 1] Said ferromagnetic tunnel effect film has the structure whose tunnel barrier layer was pinched by the free 
layer and the pinned layer. Said magnetic-bias means impresses a bias field to said free layer. 
[0012] said 1st conductive layer is arranged to the whole surface side of said ferromagnetic tunnel effect film — 
having — said ferromagnetic tunnel effect film — electric — flowing — said 2nd conductive layer — said 
ferromagnetic tunnel effect film — on the other hand, it is arranged at a side, and flows electrically on said 
ferromagnetic tunnel effect film. 

[0013] Either [ at least ] said 1st conductive layer or the 2nd conductive layer produces the field component of the 
same direction as said bias field according to the sense current which flows to self. 

[0014] The TMR component concerning this invention has the ferromagnetic tunnel effect film which consists of 
multilayer structure of a free layer / tunnel barrier layer / pinned layer,, and when a current is passed between the 
free layers and pinned layers whose tunnel barrier layer is pinched, the tunnel current which flows a tunnel barrier 
layer changes depending on whenever [ angular relation / of the magnetization between a free layer and a pinned 
layer ] (the TMR effectiveness). Although the direction of magnetization of a pinned layer is immobilization, the 
direction of magnetization of a free layer changes according to an external magnetic field. Therefore, an external 
magnetic field is detectable by detecting' the current which flows for a TMR component, or its rate of change. 
[0015] The TMR component concerning this invention includes a magnetic-bias means. A magnetic-bias means 
impresses a bias field to said free layer Thereby, the Barkhausen noise in a free layer can be removed and the 
detecting signal of high quality can be obtained. 

[0016] The TMR component concerning this invention contains the 1st conductive layer and the 2nd conductive 
layer. Said 1st conductive layer is arranged at the whole surface side of said ferromagnetic tunnel effect film, and it 
flows through it on said ferromagnetic tunnel effect film electrically, and it is also [ film ] used as an electrode layer 
and a magnetic-shielding layer, said 2nd conductive layer — said ferromagnetic tunnel effect film — on the other 
hand, it is arranged at a side, and flows electrically on said ferromagnetic tunnel effect film. Therefore, a sense 
current can be supplied to the ferromagnetic tunnel effect film 1 by the 1 st and 2nd conductive layers. 
[0017] Either [ at least ] said 1st conductive layer or the 2nd conductive layer produces the field component of the 
same direction as said bias field according to the sense current which flows to self Therefore, the bias field which 
should be impressed to a free layer can be reinforced using the field which the sense current which flows to the 1st 
conductive layer or 2nd conductive layer makes. 

[0018] For this reason, corresponding to high density record, the area of a TMR component is reduced and it is 
followed, and also when the size of the hard magnet which impresses a bias field to a free layer, or the 
antiferromagnetism film is reduced, it becomes possible to impress sufficient bias field for a free layer. 
[001 9] This invention is irtdicated again also about the electrode structure, the shielding structure over the 
ferromagr>etic tunrtel effect fihm, the thin film magr>etic head that read the TMR component and was further used as 
a component, the magnetic-head equipment using this thin film magnetic head, and the magnetic disk drive for 
passing a current on the ferromagnetic tunnel effect film. 
[0020] 

[Embodiment of the Invention] The perspective view showing one example of the TMR component which drawing 1 
requires for this invention, the partial expansion top view of the TMR component which showed drawing 2 to drawin g 

I , the transverse-plane sectional view of the TMR component which showed drawing 3 to drawing 1 and drawing 2 , 
and drawing 4 are the sectional views which met four to 4 line of drawing 3 . These drawings are exaggeratingly 
illustrated so that he can understand the description part of this invention easily. The perimeter of the part shown 
by hatching is covered with the nonmagnetic insulating layer which becomes with the ceramics etc. in drawing^ and 
drawing 4 . 

[0021] The illustrated TMR component contains the ferromagnetic tunnel effect film 1. the magnetic-bias means 21, 
23, and 24, the 1 st conductive layer A, and the 2nd conductive layer B. 

[0022] When drawing 3 and 4 are referred to, the ferromagnetic tunnel effect film 1 includes the tunnel barrier layer 

I I. the free layer 12, and a pinned layer 13. The tunnel barrier layer 1 1 of a pinned layer [ the free layer 12 and ] 13 
is pinched. 

[0023] The free layer 12 answers the external magnetic field which is magnetic information, and the sense of 
magnetization changes. Moreover, pinning of the pinned layer 1 3 is carried out so that the magnetization direction 
may turn to the fixed direction. Therefore, the laminating of the pinning layer 14 for carrying out pinning of the 
magnetization of a pinned layer 1 3 is usually carried out to a field opposite to the side which touches the tunnel 
barrier layer 1 1 of a pinned layer 13. In the illustration example, the laminating of the ferromagnetic tunnel effect film 
1 is carried out to the order of the free layer 12, the tunnel barrier layer 11, and a pinned layer 13. 
[0024] Although especially the thickness of the free layer 12 is not limited, it is good preferably to set [ 1-8nm / 1- 
6nm ] it as the range of 1-4nm more preferably. If this thickness is set to less than Inm, it will become difficult on a 
membrane formation technique to make width of face Lm of the cross direction of the bias field induction layer 21 
into sufficient magnitude. Moreover, if this thickness exceeds 50nm, by dispersion in the property of the free layer 
12 interior, distribution of electron spin polarizability will arise and un-arranging [ that TMR rate of change will 
decrease as a result ] will arise. 

[0025] The quality of the material which constitutes the free layer 12 and a pinned layer 13 has the desirable high 
spin polarization ingredient with which high TMR rate of change is obtained, for example. Fe, Co, nickel. FeCo, NiFe. 
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CoZrNb, FeCoNi. etc. are used. These may be the layered products more than two-layer. As mentioned above, 1- 
8nm of thickness of the free layer 12 is preferably set to 1-4nm. If there is an inclination for an output to decline if 
thickness becomes thick too much and thickness becomes thin too much, magnetic properties will become unstable 
and un-arranging [ that the noise at the time of head actuation increases ] will arise. 1-1 Onm of thickness of a 
pinned layer 13 is preferably set to 2-5nm. If pinning of the magnetization by the pinning layer 14 will become 
weaker if thickness becomes thick too much, and thickness becomes thin too much, the inclination for TMR rate of 
change to decrease will arise. 

[0026] Although the pinning layer 14 which carries out pinning of the magnetization of a pinned layer 13 will not be 
especially limited if the pinning function is achieved, an antiferromagnetism ingredient is usually used. Thickness is 
usually set to about 60-5nm. 

[0027] The tunnel barrier layer 1 1 consists of A1203, NiO, GdO, MgO, Ta 205, Mo02 and Ti02. and W02 grade. 
Although it is desirable that it Is thin as much as possible for the reduction in resistance of a component, it is too 
thin not much, and leakage current will drop off and the thickness of the tunnel barrier layer 1 1 is not desirable, if a 
pinhole is generated. Generally, it may be about 0.5-2nm. 

[0028] voice also with desirable also using the free layer 12 as the synthetic ferry magnet (synthetic ferrimagnet) 
illustrated by the three-layer layered product offer example, a NiFe layer (2nm in thickness) / Ru layer (0.7nm in 
thickness) / NiFe layer (2.5nm in thickness) In this invention — it Is one [ like ]. In this case, the magnetization 
direction of an up-and-down NiFe layer and a NiFe layer turns into hard flow mutually, respectively. Since the 
thickness of the effectual free layer 1 2 can be thinly set up when a synthetic ferry magnet Is used, magnetic field 
sensibility improves and there is a merit that an output becomes large. Moreover, such a synthetic ferry magnet is 
applicable also to a pinned layer 13. 

[0029] In the above-mentioned ferromagnetic tunnel effect film 1, when the sense current IS is passed between the 
fi^ee layers 12 and pinned layers 13 whose tunnel barrier layer 1 1 is pinched, the tunnel current which flows the 
tunnel barrier layer 1 1 changes depending on whenever [ angular relation / of the magnetization between the free 
layer 12 and a pinned layer 13 ]. Although the direction of magnetization of a pinned layer 13 is immobilization, the 
direction of magnetization of the free layer 1 2 changes according to an external magnetic field. Therefore, an 
external magnetic field is detectable by detecting the current which flows for a TMR component, or its rate of 
change. 

[0030] The magnetic-bias means 21, 23, and 24 impress the bias field FX to the free layer 12, and have the bias 
field induction layer 21 and the bias grant means 23 and 24 In the example. The whole surface of the bias field 
induction layer 21 adheres to the ferromagnetic tunnel effect film 1. In the example, since the laminating of the 
ferromagnetic tunnel effect film 1 Is carried out to the order of the free layer 1 2, the tunnel barrier layer 1 1 , and a 
pinned layer 13, the free layer 12 will touch the whole surface of the bias field induction layer 21. As for the bias 
field Induction layer 21, the width of face seen in the direction X of the bias field FX has become larger than the 
width efface of the ferromagnetic tunnel effect film 1. 

[0031] The bias grant means 23 and 24 are seen in the direction X of the bias field FX, they separate spacing from 
the ferromagnetic tunnel effect film 1 to the both ends of the bias field induction layer 21, and they are equipped 
with them. The bias field FX generated by the bias grant means 23 and 24 Is Impressed to the free layer 12 through 
the bias field induction layer 21. The bias grant means 23 and 24 may consist of layered products of a high coercive 
force ingredient, an antiferromagnetism ingredient or an antiferromagnetism layer, and ferromagnetic layer much 
more at least 

[0032] The 1st conductive layer A Is arranged at the whole surface side of the ferromagnetic tunnel effect film 1, 
and It flows through it electrically on the ferromagnetic tunnel effect film 1. the 2nd conductive layer B — the 
ferromagnetic tunnel effect film 1 — on the other hand, it is arranged at a side, and flows electrically on the 
ferromagnetic tunnel effect film 1. Therefore, the sense current IS can be supplied to the ferromagnetic tunnel 
effect film 1 by the 1st and 2nd conductive layers A and B. 

[0033] In the case of an example, the laminating of the ferromagnetic tunnel effect film 1 is carried out to the order 
of the free layer 12, the tunnel barrier layer 1 1, and a pinned layer 13. Since it has structure which carried out the 
laminating of the pinning layer 14 on the pinned layer 13 and has the structure where the ferromagnetic tunnel 
effect film 1 which has this structure was made to adhere to the whole surface of the bias field Induction layer 21 It 
becomes the structure where touch the bias field induction layer 21 to which the 1st conductive layer A touches 
the free layer 12, and the 2nd conductive layer B touches the pinning layer 14. 

[0034] Either [ at least ] the 1st conductive layer A or the 2nd conductive layer B produces the field components 
FX1 or FX2 of the same direction as the bias field FX according to the sense current IS which flows to self. 
Therefore, the bias field FX which should be impressed to the free layer 12 can be reinforced using the field 
components FXl or FX2 which the sense current IS which flows to the 1st conductive layer A or the 2nd 
conductive layer B makes. 

[0035] For this reason, corresponding to high density record, the area of a TMR component is reduced and it is 
followed, and also when the size of the hard magnet which impresses the bias field FX to the free layer 12, or the 
antiferromagnetism film is reduced. It becomes possible to Impress sufficient bias field FX for the free layer 12. 
[0036] In an Illustration example, both 1st conductive layer A and 2nd conductive layer B produce the field 
components FXl and FX2 of the same direction as the bias field FX according to the sense current IS which flows 
to self. Therefore, the bias field FX which should be impressed to the free layer 12 can be reinforced using the field 
component FXl which the sense current IS which flows to the 1st conductive layer A makes, and the field 
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component FXI which the sense current IS which flows to the 2nd conductive layer B makes. 
[0037] Next with reference to drawing 2 - drawing 4 . the generating mechanism of the current field components 
FXI and FX2 is explained with concrete structure. Since it is the top view of the TMR component illustrated to 
drawing 1 as drawing 2 was mentioned above, each part illustrated by drawing 2 is expressed as flat-surface 
projection of a TMR component with three-dimensional structure. For example, it indicates all of reference marks X. 
Y, XYl, XY2, 1X1, 1X2, IY1. IY2, DX1, DX2. and alphal and afpha2 grade as flat-surface projection. When t all ] 
mentioning the reference mark mentioned above by the following explanation, it is based on flat-surface projection. 
[0038] If drawing 2 - drawing 4 are referred to. the 1 st conductive layer A contains the 1 st electrode / magnetic- 
shielding section 25 and 27. and the 1st lead polar zone 291. The 1st electrode / magnetic-shielding section 25 and 
27 contain the electrode layer 25 and the magnetic-shielding layer 27. It has structure in which the whole surface of 
the electrode layer 25 carries out field contact at the bias field induction layer 21, and the other sides of the 
electrode layer 25 carry out field contact at the whole surface of the magnetic-shielding layer 27. Therefore, the 1st 
conductive layer A is made to serve a double purpose as an electrode layer and a magnetic-shielding layer. 
[0039] The 2nd conductive layer B contains the 2nd electrode / magnetic-shielding section 26 and 28, and the 2nd 
lead polar zone 292. The 2nd electrode / magnetic-shielding section 26 and 28 have structure in which the whole 
surface of the electrode layer 26 carries^out field contact at the whole surface of the pinning layer 14, and the other 
sides of the electrode layer 26 carry out field contact at the whole surface of the magnetic-shielding layer 28 
including the electrode layer 26 and the magnetic-shielding layer 28. Therefore, the 2nd conductive layer B is made 
to serve a double purpose as an electrode layer and a magnetic-shielding layer. 

[0040] The 1st lead polar zone 291 follows electrically the electrode layer 25 which constitutes the 1st electrode / 
magnetic-shielding section 25 and 27. The 1st lead polar zone 291 follows electrically a part of the 1st electrode / 
magnetic-shielding section 25 and 27 in the location where the sense current IS which flows in the 1st electrode / 
magnetic-shielding section 25 and 27 produces the field component FXI of the same direction as the bias field FX. 
[0041] More specifically the 1st lead polar zone 291 In the location which only distance DX 1 separated from the 
center line Y of the ferromagnetic tunnel effect film 1 which intersects perpendicularly with the direction X of the 
bias field FX in the direction X of the bias field FX It has the limited boundary length LI shorter enough than the 
width of face of the 1st electrode / magnetic-shielding section 25 and 27 in a part of upper limb (setting to drawing) 
of the 1st electrode / magnetic-shielding section 25 and 27, and it is followed electrically. The 1st lead polar zone 
29 1 may be formed as the same continuation film as the 1 st electrode / magnetic-shielding section 25 and 27, and 
may be formed as different film. Distance DX 1 is the distance projected on the flat surface, as mentioned above. 
[0042] The segment XYl which connects the 1st central point PI set up as the middle point of the boundary length 
LI by this on the boundary line produced between the 1st electrode / magnetic-shielding section 25 and 27. and the 
1st lead polar zone 291 and the cerrtral point PC set as the ferromagnetic tunnel effect film 1 comes to cross by the 
plane angle alpha 1 to the segment lengthened in the direction X of the bias field FX. In this invention, a plane angle 
is the include angle projected on the flat surface, and the include angle in the 0-degree or more range of 90 degrees 
or less is said. That is, the plane angle alpha 1 is expressed in the include-angle range of 0 degree<=alphal <=90 
degree. 

[0043] In the above-mentioned configuration, when the sense current IS which flows in accordance with the 
segment (minimum distance) XYl lengthened by the central point PO of the ferromagnetic tunnel effect film 1 from 
the 1st central point PI is assumed, it can decompose into the current component IX 1 of the direction X parallel to 
the bias field FX, and the current component lYl of the direction Y perpendicular to the bias field FX, and the sense 
current IS can be considered. A current component lYl produces the current field component FXI of the same 
direction X as the bias field FX, as shown in drawing 3 . For this reason, the bias field FX which should be impressed 
to the free layer 12 can be reinforced using the field component FXI. 

[0044] In the case of an example, the 2nd lead polar zone 292 follows electrically the electrode layer 26 which 
constitutes the 2nd electrode / magnetic-shielding section 26 and 28. The 2nd lead polar zone 292 follows 
electrically a part of the 2nd electrode / magnetic-shielding section 26 and 28 in the location where the sense 
current IS which flows in the 2nd electrode / magnetic-shielding section 26 and 28 produces the field component 
FX2 of the same direction as the bias field FX. 

[0045] More specifically the 2nd lead polar zone 292 In the location which only distance DX 2 separated from the 
center line Y of the ferromagnetic tunnel effect film 1 which intersects perpendiculaHy with the direction X of the 
bias field FX in the direction X of the bias field FX It has the limited boundary length L2 shorter enough than the 
width of face of the 2nd electrode / magnetic-shielding section 26 and 28 in a part of the 2nd electrode / 
magnetic-shielding section 26 and 28, and it is followed electrically. The 2nd lead polar zone 292 may be formed as 
the same continuation film as the 1 st electrode / magnetic-shielding section 25 and 27. and may be formed as 
different film. 

[0046] The segment XY2 which connects the 2nd central point P2 set up as the middle point of the boundary length 
L2 by this on the boundary line produced between the 2nd electrode / magnetic-shielding section 26 and 28, and 
the 2nd lead polar zone 292 and the central point PO set as the ferromagnetic tunnel effect film 1 comes to cross 
by the plane angle alpha 2 to the segment lengthened in the direction X of the bias field FX. 
[0047] In the above-mentioned configuration, when the sense current IS which flows in accordance with the 
segment (minimum distance) XY2 lengthened by the central point PO of the ferromagnetic tunnel effect film 1 from 
the 2nd central point P2 is assumed, it can decompose into the current component IX 2 of the direction X parallel to 
the bias field FX. and the current component IY2 of the direction Y perpendicular to the bias field FX. and the sense 
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current IS can be considered. A current component IY2 produces the current field component FX2 of the same 
direction X as the bias field FX. as shown in drawing 3 . For this reason, the bias field FX which should be impressed 
to the free layer 12 can be reinforced using the field component FXI. The plane angles alpha 1 and alpha2 should just 
be 5 degrees or more. 

[0048] The connecting location of the 1st [ to the 1st electrode / magnetic-shielding section 25 and 27 ] lead polar 
zone 291 and the connecting location of the 2nd [to the 2nd electrode / magnetic-shielding section 26 and 28 ] 
lead polar zone 292 should just be locations which can produce the field components FXI and FX2 of the same 
direction as the bias field F1 according to the sense current which flows to the 1st conductive layer A and the 2nd 
conductive layer B. In the example shown in drawing 1 - drawing 4 The 1st lead polar zone 291 and the 2nd lead 
polar zone 292 are divided into the both sides of a center line Y. and are arranged. According to this arrangement in 
both 1st conductive layer A and 2nd conductive layer B, it is as having mentioned above that the current field 
components FXI and FX2 of the same direction X as the bias field FX may be produced. 

[0049] Since the TMR component illustrated by drawing 1 - drawing 4 impresses the bias field FX to the free layer 
12 by the bias field induction layer 21 including the bias field induction layer 21 Jt can remove the Barkhausen noise 
in the free layer 12. and can obtain the detecting signal of high quality. Since the width of face seen in the direction 
X of the bias field FX is larger than the width of face of the ferromagnetic tunnel effect film 1. the bias field 
induction layer 21 can separate spacing from the ferromagnetic tunnel effect film 1 to a part for the both ends of 
the cross direction of the bias field induction layer 21. and can form the bias grant means 23 and 24 in it. For this 
reason, the electric short-circuit between the free layer 1 2-pinned layers 1 3 by the bias grant means 23 and 24 etc. 
is avoidable. 

[0050] In order to make it not reduce TMR rate of change substantially, as for spacing between the ferromagnetic 
tunnel effect film 1 and the bias grant means 23 and 24. setting to the predetermined range is desirable. If the 
numeric value experimentally found out as a desirable mode is mentioned, as for said especially spacing, it will be 
desirable to consider as the range 0.02 micrometers or more of 0.3 micrometers or less, and the 0.02 more 
micrometer or more range of less than 0.15 micrometers 0.02 micrometers or more. 

[0051] When the value of spacing is set to less than 0.02 micrometers, it is in the inclination for TMR rate of change 
to fall. If this G value becomes large too much and exceeds 0.3 micrometers on the other hand, the inclination which 
the effective width of recording track spreads and stops agreeing in the future demand to a raise in recording 
density will arise. 

[0052] Moreover, in the gestalt of the above-mentioned operation, although the bias grant means 23 and 24 are 
arranged at the botb-ends bpttom of the finee layer 12, they may be arranged to the down side, without being limited 
to this. 

[0053] Furthermore, as for the bias field induction layer 21. an end constitutes the flux probe section 221. This flux 
probe section 221 is projected fi^m the bias field induction layer 21. An external magnetic field is introduced into 
the bias field induction layer 21 from the flux probe section 221. and is further impressed to the free layer 12. 
Therefore, in application to the thin film magnetic head etc.. the flux probe section 221 is located in the air bearing 
side ABS. and the ferromagnetic tunnel effect film 1 can be arranged in the location into which it withdrew from the 
air beanng side ABS. For this reason, it is avoidable that electric short-circuit occurs in the tunnel barrier layer 1 1 
after the time of polish processing or polish processing. 

[0054] The width of face of the flux probe section 221 is narrower than the width efface of the bias field induction 
layer 21. and since it is projected from the bias field induction layer 21, when the TMR component concerned is 
used as a reading component of the thin film magnetic head, it can set the regenerative-track width efface of a 
head as the minute value determined by the width efface of the flux probe section 221. 

[0055] The width of face of the ferromagnetic tunnel effect film 1 is equal to the width of face of the flux probe 
section 221. or is set up greatly smaller than the width efface of the bias field induction layer 21. Width efface of 
about 0.5-4 micrometers and the flux probe section 221 is set to about 0.1-2 micrometers for the width of face of 
the bias field induction layer 21. 

[0056] Furthermore, the 0.01-0.3 micrometers of the 0.01-0.2 micrometers of the amounts of protrusions of the flux 
probe section 221 are preferably set as 0.01-0.1 micrometers still more preferably. Although the more infinite one 
near 0 of this value is good, the danger of an electrostatic discharge arises or the electric short danger of the free 
layer 12 and pinned layer 13 in a polish process arises as it becomes small. Therefore, a lower limit is good to be 
referred to as about 0.01 micrometers. On the other hand, if the amount of protrusions exceeds 0.3 micrometers, an 
output will decline, or the crosswise bias field FX will become inadequate and a Barkhausen noise will arise. 
[0057] Drawing_5 is the top view showing another arrangement of the 1st lead polar zone 291 and the 2nd lead polar 
zone 292. In drawing, the same reference mark is attached about the same component as the component which 
appeared in drawing 2 . In this example, the 1st lead polar zone 291 is arranged in plane angle alpha! =90 degree and 
the location used as distance DX 1= 0. The location of the 2nd lead polar zone 292 is almost the same as the case 
of drawing 2 . Also in this case, in both 1 st conductive layer A and 2nd conductive layer B. the current field 
components FXI and FX2 of the same direction X as the bias field FX may be produced. 

[0058] Drawing 6 is the top view showing still more nearly another arrangement of the 1st lead polar zone 291 and 
the 2nd lead polar zone 292. In drawing, the same reference mark is attached about the same component as the 
component which appeared in drawing 2 . In this example, both the 1st lead polar zone 291 and the 2nd lead polar 
zone 292 are located in one side (it sets to drawing and is left-hand side [ center line / Y ]) of a center line Y. Also 
in this case, in both 1st conductive layer A and 2nd conductive layer B, the current field components FXI and FX2 
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of the same direction X as the bias field FX may be produced. 

[0059] Drawing 7 is the top view showing still more nearly another arrangement of the 1st lead polar zone 291 and 
the 2nd lead polar zone 292. In drawing, the same reference mark is attached about the same component as the 
component which appeared in drawing 2 . In one side face which exists in the direction X of the bias field FX, 
succeeding the 1st conductive layer A, there is the 2nd lead polar zone 292 in the direction X of the bias field FX, 
and also the 1st lead polar zone 291 is following the 2nd conductive layer B in a side face in this example. The 
location of the 1st lead polar zone 291 and the 2nd lead polar zone 292 can be moved in the vertical direction in 
drawing along the side face of the 1st conductive layer A and the 2nd conductive layer B. also in this case, alphal 
and alpha — 2> 0 degree of current field components FXl and FX2 of the same direction X as the bias field FX may 
be preferably produced in alpha 1 and the include-angle range of alpha2 >=5 degree. 

[0060] It is clear that it is illustrated by drawing 1 - drawing 7 , and the combination of a thing, or these or an 
obvious combination exists variously about arrangement of the 1st lead polar zone 291 and the 2nd lead polar zone 
292. 

[0061] The perspective view showing another example of the TMR component which drawing 8 requires for this 
invention, the transverse-plane sectional view of the TMR component which showed drawing 9 to drawing 8 . and 
drawing 10 are the sectional views which met ten to 10 line of ** 9. In drawing, the same reference mark is attached 
about the same component as the component which appeared in the drawing explained previously. The illustrated 
TMR component contains the flux guide layer 22. The flux guide layer 22 is magnetically combined with the free 
layer 12, and the end constitutes the flux probe section 221. This flux probe section 221 is projected from the bias 
field induction layer 21. An external magnetic field is introduced from the flux probe section 221, passes along the 
flux guide layer 22. and is impressed to the free layer 12. Therefore, in application to the thin film magnetic head 
etc., the flux probe section 221 is located in the air bearing side ABS, and the ferromagnetic tunnel effect film 1 can 
be arranged in the location into which it withdrew from the air bearing side ABS. For this reason, it is avoidable that 
electric short-circuit occurs in the tunnel barrier layer 1 1 after the time of polish processing or polish processing. 
[0062] The width of face of the flux probe section 221 is narrower than the width of face of the bias field Induction 
layer 21. and since it is projected from the bias field induction layer 21. when the TMR component concerned is 
used as a reading component of the thin film magnetic head, it can set the regenerative-track width of face of a 
head as the minute value determined by the width of face of the flux probe section 221. 

[0063] And since the flux guide layer 22 is layer with the another bias field induction layer 21. it can form the flux 
guide layer 22 according to mernbrane formation process that the bias field induction layer 21 is another. 
[0064] The flux guide layer 22 intersects the direction X of the bias field FX of the bias field induction layer 21. and 
the end constitutes the flux probe section 221. Therefore, also when the flux guide layer 22 produces a radius of 
circle in the edge, the radius-of-circle part can be removed and the Interstitial segment by which the width-ofHace 
dimension was stabilized can be used as the flux probe section 221. For this reason, the TMR component which has 
the highly precise reading width of recording track can be obtained. 

[0065] Also in the example shown in drawing 8 - drawing 10 , the 1st lead polar zone 291 follows electrically a part 
of the 1st electrode / magnetic-shielding section 25 and 27 in the location where the sense current IS which flows 
in the 1st electrode / magnetic-shielding section 25 and 27 produces the field component FXl of the same direction 
as the bias field FX. The 2nd lead polar zone 292 follows electrically the electrode layer 26 which constitutes the 
2nd electrode / magnetic-shielding section 26 and 28. The 2nd lead polar zone 292 follows electrically a part of the 
2nd electrode / magnetic-shielding section 26 and 28 in the location where the sense current IS which flows in the 
2nd electrode / magnetic-shielding section 26 and 28 produces the field component FX2 of the same direction as 
the bias field FX. Thereby, the bias field FX which should be impressed to the free layer 12 can be reinforced using 
the field components FXl and FX2 (refer to drawing 9 ). 

[0066] The perspective view showing another example of the TMR component which drawing 1 1 requires for this 
invention, the expanded sectional view of the TMR component which showed drawing 12 to drawing 1 1 . and drawing 
13 are the sectional views which met 13 to 13 line of drawing 12 . In drawing, the same reference mark is attached^ 
about the same component as the component which appeared in drawing 1 -3. In this example, the laminating of the 
ferromagnetic tunnel effect film 1 is carried out to the order of the free layer 1 2, the tunnel barrier layer 11. and a 
pinned layer 13. The flux guide layer 22 is fomried in the free layer 12 and this body. Although the flux guide layers 
22 are the free layer 12 and this body, the bias field induction layer 21 is another layer, and the laminating of them is 
carried out on the bias field induction layer 21. 

[0067] The 1st lead polar zone 291 follows electrically a part of the 1st electrode / magnetic-shielding section 25 
and 27 in the location where the sense current IS which flows In the 1st electrode / magnetic-shielding section 25 
and 27 produces the field component FXl of the same direction as the bias field FX. 

[0068] The 2nd lead polar zone 292 follows electrically the electrode layer 26 which constitutes the 2nd electrode / 
magnetic-shielding section 26 and 28. The 2nd lead polar zone 292 follows electrically a part of the 2nd electrode / 
magnetic-shielding section 26 and 28 in the location where the sense current IS which flows in the 2nd electrode / 
magnetic-shielding section 26 and 28 produces the field component FX2 of the same direction as the bias field FX. 
Thereby, the bias field FX which should be impressed to the free layer 12 can be reinforced using the field 
components FXl and FX2 (refer to drawing 12 ). 

[0069] The transverse-plane sectional view showing another example of the TMR component which drawing 14 
requires for this Invention, and drawin g 15 are the sectional views which met 15 to 15 line of drawing 14 . In drawing, 
the same reference mark Is attached about the same component as the component which appeared In drawing 1 -3. 
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In this example, the ferromagnetic tunnel effect film 1 has the structure which carried out the laminating to the 
order of a pinned layer 13. the tunnel barrier layer 11, and the free layer 12. The bias field induction layer 21 adjoins 
the free layer 12, and the laminating of the flux guide layer 22 is carried out on the bias field induction layer 21. The 
flux guide layer 22 is another layer in the bias field induction layer 21. 

[0070] The 1st lead polar zone 291 follows electrically a part of the 1st electrode / magnetic-shielding section 25 
and 27 in the location where the sense current IS which flows in the 1 st electrode / magnetic-shielding section 25 
and 27 produces the field component FX1 of the same direction as the bias field FX. 

[0071] The 2nd lead polar zone 292 follows electrically the electrode layer 26 which constitutes the 2nd electrode / 
magnetic-shielding section 26 and 28. The 2nd lead polar zone 292 follows electrically a part of the 2nd electrode / 
magnetic-shielding section 26 and 28 in the location where the sense current IS which flows in the 2nd electrode / 
magnetic-shielding section 26 and 28 produces the field component FX2 of the same direction as the bias field FX. 
Thereby, the bias field FX which should be impressed to the free layer 12 can be reinforced using the field 
components FX! and FX2 (refer to drawing 14 ). 

[0072] The transverse-plane sectional view showing another example of the TMR component which drawin g 16 
requires for this invention, and drawing 1 7 are the sectional views which met 1 7 to 17 line of drawing 16 . In drawing, 
the same reference mark is attached about the same component as the component which appeared in drawing 1 -3. 
In this example, the ferromagnetic tunnel effect film 1 has the structure which carried out the laminating to the 
order of a pinned layer 13, the tunnel barrier layer 11, and the free layer 12. The bias field induction layer 21 is 
formed in the free layer 12 and this body. The flux guide layer 22 is another layer in the bias field induction layer 21. 
and the laminating is carried out on the bias field induction layer 21. 

[0073] The 1st lead polar zone 291 follows electrically a part of the 1st electrode / magnetic-shielding section 25 
and 27 in the location where the sense current IS which flows in the 1st electrode / magnetic-shielding section 25 
and 27 produces the field component FX1 of the same direction as the bias field FX. 

[0074] The 2nd lead polar zone 292 follows electrically the electrode layer 26 which constitutes the 2nd electrode / 
magnetic-shielding section 26 and 28. The 2nd lead polar zone 292 follows electrically a part of the 2nd electrode / 
magnetic-shielding section 26 and 28 in the location where the sense current IS which flows in the 2nd electrode / 
magnetic-shielding section 26 and 28 produces the field component FX2 of the same direction as the bias field FX. 
Thereby, the bias field FX which should be impressed to the free layer 12 can be reinforced using the field 
components FXI and FX2 (refer to drawing 16 ). 

[0075] Also in the example shown in drawin g 8 - drawing 17 . the 1st and 2nd lead polar zone 291 and 292 of the 
ability of the location explained with reference to drawing 5 - drawing 7 to be taken is obvious. 
[0076] the TMR component which drawing 18 mentioned above — reading — as a component — using — an 
induction type — electromagnetism — the perspective view of the thin film magnetic head for the record within a 
field which wrote in the sensing element and was used as a component, and drawing 19 show the expanded sectional 
view of the thin film magnetic head shown in drawing 18 . The thin film magnetic head of illustration has the write-in 
component 5 which consisted of TMR components which start this invention on a slider 4 and which reads and 
becomes by the component 6 and the induction type MAG sensing element An arrow head Al shows the medium 
transit direction. In drawing, the dimension is exaggerated partially and differs from a dressed size. 
[0077] A slider 4 has rails 41 and 42 in a medium opposed face side, and the front face of a rail is used as ABS 43 
and 44. Rails 41 and 42 are not restricted to two. It may become the flat surface which may have 1-3 rails and does 
not have a rail. Moreover, various geometry may be given to a medium opposed face for a surfacing property 
irnprovement etc. Even if it is the slider 4 of which type, application of this invention is possible. Moreover, since a 
slider 4 is equipped with protective coats, such as DLC which has about 8-1 Onm thickness, on the surface of a rail, 
in such a case, the front fece of a protective coat serves as ABS 43 and 44. A slider 4 is the ceramic structure 
which formed aluminum 203 and the inorganic insulator layer 420 of Si02 grade in the front face of the base 410 
which becomes by aluminum203-TiC etc. 

[0078] Both one side [ of rails 41 and 42 ] or trailing . edge TR side is equipped with the write-in component 5 and 
the reading component 6. a slider 4 is equipped with the write-in component 5 and the reading component 6 — 
having — electromagnetism — the edge for conversion is located in ABS 43 and 44 and the location which 
approached. The ejection electrodes 47 and 48 which were connected to the write-in component 5 and which took 
out and were connected to electrodes 45 and 46 and the reading component 6 are formed in the slider side face in 
the trailing . edge TR side, respectively. 

[0079] The write-in component 5 has the gap film 54. an insulator layer 55. a protective coat 56. etc. which become 
with the 1st magnetic film 51 which serves as the 2nd [ to the reading component 6 ] shielding film, the 2nd 
magnetic film 52. the coil film 53. an alumina, etc. Independently of the 1st magnetic film 51. you may have the 2nd 
shielding film. 

[0080] The end sections (point) 510 and 520 of the 1st magnetic film 51 and the 2nd magnetic film 52 are the pole 
section which separates the gap film 54 of minute thickness and counters, and write in in the pole section. The 1st 
and 2nd magnetic films 51 and 52 may be monolayers, and may be double layer membrane structures. Double layer 
membrane-ization of the 1st and 2nd magnetic films 51 and 52 may be performed for the purpose offer example, a 
property improvement Various amelioration and a proposal are made also about the structure of the pole section 
from viewpoints, such as improvement in narrow-izing of the width of recording track, and record capacity. In this 
invention, any pole structure proposed until now is employable. The gap film 54 is constituted by inorganic insulator 
layers, such as non-magnetic metal film or an alumina. 
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[0081] The 2nd magnetic film 52 inclines and starts to a pole section side at a certain include angle to a field parallel 
to the field of the gap film 54. Further, the 2nd magnetic film 52 maintains an inner gap between the 1 st magnetic 
film 51. is prolonged behind ABS 43 and 44, and is combined with the 2nd magnetic film 52 In back Thereby, the thin 
film magnetic circuit involving the 1st magnetic film 51. 2nd magnetic film 52. and gap film 54 is completed. 
[0082] The coil film 53 is inserted between the 1st and 2nd magnetic films 51 and 52. and turns around the 
surroundings of a back bond part to a curled form. It has flowed through the both ends of the coil film 53 in the 
ejection electrodes 45 and 46 (refer to drawing 37). The number of turns and number of layers of the coil film 53 are 
arbitrary. The coll film 53 is laid under the interior of an Insulator layer 55. 

[0083] The interior of the inner gap between the 1st and 2nd magnetic films 51 and 52 is filled up with the insulator 
layer 55. The front face of an insulator layer 55 is equipped with the 2nd magnetic film 52. An insulator layer 55 
consists of organic insulation resin film or ceramic film. The example of representation of the ceramic film is 
20aluminum3 film or Si02 film. If the ceramic film constitutes an Insulator layer 55. since the thermal expansion of 
an insulator layer 55 will become small as compared with the case where an organic compound insulator is used, a 
result good for reducing the amount of the maximum protrusions is obtained. 

[0084] In the protective coat 56. the protective coat 56 has covered the write-in whole component 5. By this, the 
write-in whole component 5 will be protected by the protective coat 56. The protective coat 56 consists of 
inorganic insulating matenals of aluminum 203 or Si02 grade. 

[0085] The reading component 6 consists of TMR components concerning this invention. This reading component 6 
is arranged inside the insulator layer 63 between the 1st shielding film 61 and the 2nd shielding film 63. The insulator 
layer 63 is constituted by the alumina etc. The reading component 6 is connected to the ejection electrodes 47 and 
48 which flow on the 1st shielding film 61 and the 2nd shielding film 62 (refer to drawing 18 ). 
[0086] Drawing 20 is the expanded sectional view of the thin film magnetic head for vertical recording. In the 
illustrated thin film magnetic head for vertical recording, the 2nd magnetic film 52 contains the main pole 525 and 
the auxiliary magnetic pole 526. The main pole 525 constitutes the perpendicular writeHn pole section, and the 
auxiliary magnetic pole 526 combines magnetically the main pole 525 and the 1st magnetic film 51. The 1st magnetic 
film 51 constitutes the return magnetic path of the magnetic flux produced from the main pole 525. The coil film 53 
is wound around the surroundings of the main pole 525 and the auxiliary magnetic pole 526. Since it is substantially 
the same, explanation is abbreviated to the thin film magnetic head for the record within a field which showed other 
structures to drawing 18 Since the description of magnetic recording using the thin film magnetic head for vertical 
recording magnetizes the magnetic-recording film of a magnetic disk in the direction which becomes perpendicular 
to a film surface and performs magnetic recording, it is that very high recording density is realizable. 
[0087] The fi-ont view showing some magnetic-head equipments which drawing 21 requires for this invention, and 
drawing 22 are the bottom views of the magnettc-head equipment shown in drawing 41. Magnetic-head equipment 
contains the thin film magnetic head 8 and the head means for supporting 7. The thin film magnetic head 8 is the 
thin film magnetic head concerning this invention explained with reference to dra}^\nsj S - drawing 20 
[0088] The head means for supporting 7 have structure which attached the flexible body 71 which similarly becomes 
with a metallic thin plate in the free end in the end of the longitudinal direction of the base material 73 which 
becomes with a metallic thin plate, and attached the thin film magnetic head 8 in the inferior surface of tongue of 
this flexible body 71. 

[0089] A flexible body 71 has two outside frame parts 75 and 76 which carry out abbreviation parallel with the 
longitudinal direction axis of a base material 73, and are extended, the transversal frame 74 which connects the 
outside frame parts 75 and 76 in the edge distant from the base material 73, and the ligula 72 which has been 
prolonged so that abbreviation parallel may be carried out from the abbreviation center section of the transversal 
frame 74 at the outside frame parts 75 and 76, and used the tip as the free end. 

[0090] The projection 77 for loads of the shape of a semi-sphere of a ligula 72 which upheaved from the base 
material 73 in the center section mostly is formed. The load force is told from the free end of a base material 73 by 
this projection 77 for loads to a ligula 72. 

[0091] The thin film magnetic head 8 is attached in the inferior surface of tongue of a ligula 72 with means, such as 
adhesion. The thin film magnetic head 8 is attached in the ligula 72 so that an airstream appearance side edge side 
may become in the direction of a transversal frame 74. The head means for supporting 7 applicable to this invention 
are not restricted to the above-mentioned example. 

[0092] Drawing 23 is drawing showing typically the configuration of the magnetic disk drive concerning this invention. 
The illustrated magnetic disk drive contains magnetic-head equipment 9 and a magnetic disk 10. Magnetic-head 
equipment 9 Is illustrated to drawing 21 and 22. The end of the head means for supporting 7 Is supported by the 
pointing device 1 1, and magnetic-head equipment 9 is driven. The thin film magnetic head 8 of magnetic-head 
equipment is supported by the head means for supporting 7, and it is arranged so that it may counter with the 
magnetic-recording side of a magnetic disk 10. 

[0093] If the rotation drive of the magnetic disk 10 is carried out in the direction of an arrow head Al by the driving 
gear which Is not illustrated, the thin film magnetic head 8 will surface from the field of a magnetic disk 10 by the 
minute flying height By the positioning device 1 1 which carries out the rotation drive of the head means for 
supporting 7, the thin film magnetic head 8 which the magnetic disk drive Illustrated by drawing 23 is a drive method 
called a rotary . actuator method, and was attached in the point of the head means for supporting 7 is driven in the 
directions bl or b2 of a path of a magnetic disk 10. and is positioned in the predetermined truck location on a 
magnetic disk 10. And magnetic recording by the write-in component 5 and reading actuation by the reading 
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component 6 which has a TMR component are performed on a predetermined truck. 

[0094] As mentioned above, although the contents of this invention were concretely explained with reference to the 
desirable example, it is obvious that various deformation modes can be taken based on the fundamental technical 
thought of this invention and instruction if it is this contractor. 
[0095] 

[Effect of the Invention] According to this invention, the following effectiveness can be acquired as stated above. 

(a) A TMR component applicable to super^high density record, the thin film magnetic head, magnetic-head 
equipment, and a magnetic disk drive can be offered. 

(b) The TMR component which can reinforce the bias field impressed to a free layer, the thin film magnetic head, 
magnetic-head equipment, and a magnetic disk drive can be offered. 



[Translation done.] 
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♦ NOTICES ♦ 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So tlie translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCFMPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing one example of the TMR component concerning this invention. 
[Drawing 2] It is the partial expansion top view of the TMR component shown in drawing 1 . 
[Drawing 3] It is the transverse-plane sectional view of the TMR component shown in drawing 1 and drawing 2 . 
[Drawing 4] It is the sectional view which met four to 4 line of drawing 3 . 

[Drawing 5] It is the top view showing another arrangement of the 1 st lead polar zone in the TMR component 
concerning this invention, and the 2nd lead polar zone. 

[Drawing 6] It is the top view showing still more nearly another arrangement of the 1st lead polar zone in the TMR 
component concerning this invention, and the 2nd lead polar zone. 

[Drawing 7] It is the top view showing still more nearly another arrangement of the 1st lead polar zone in the TMR 
component concerning this invention, and the 2nd lead polar zone. 

[Drawing 8] It is the perspective view showing another example of the TMR component concerning this invention. 
[Drawing 9] It is the partial expansion top view of the TMR component shown in drawing 8 . 
[ Draw ing 10] It is the sectional view which met ten to 10 line of drawing 9 . 

[Drawing 1 1 ] It is the perspective view showing still more nearly another example of the TMR component concerning 
this invention. ^ 

[Drawing 12] It is the transverse-plane sectional view of the TMR component shown in drawing 1 1 . 
[Drawing 13] It is the sectional view which mfet 13 to 13 line of drawing 12 . 

[Drawing 14] It is the transverse-plane sectional view showing still more nearly another example of the TMR 
component concerning this invention. 

[Drawing 15] ft is the sectional view which met 13 to 13 line of drawing 14 . 

[Drawing 16] It is the transverse-plane sectional view showing still more nearly another example of the TMR 
component concerning this invention. 

[Drawing 1 7] It is the sectional view which met 17 to 17 line of drawing 16 . 

[P.rawir»gJ.8] the TMR component concerning this invention — reading — as a component — using — an induction 
type — electromagnetism — perspective view **** of the thin film magnetic head for the record within a field 
which wrote in the sensing element and was used as a component. 

[Drawing 1 9] It is the expanded sectional view of the thin film magnetic head shown in drawing 18 . 

[Drawing 20] It is the expanded sectional view of the thin film magnetic head for vertical recording which read the 

TMR component concerning this invention and was used as a component. 

[Drawing 21] It is the front view showing some magnetic-head equipments concerning this invention. 
[PrawingJ?] It is the front view showing some magnetic— head equipments concerning this invention. 
[Drawing 23] It is drawing showing typically the configuration of the magnetic disk drive concerning this invention. 
[Description of Notations] 

I Ferromagnetic Tunnel Effect Film 

I I Tunnel Barrier Layer 

12 Free Layer 

13 Pinned Layer 

25 27 The 1st electrode / magnetic-shielding section 

26 28 The 2nd electrode / magnetic-shielding section 

291 1st Lead Polar Zone 

292 2nd Lead Polar Zone 

A The 1 st conductive layer 
B The 2nd conductive layer 



[Translation done.] 
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^ 1 ©m«/lK«->-;i' 2 5 , 2 7 ©*i J: 0 
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9 2 ti, M 2 ©HS/fiS^v— HgP2 6 , 2 8 ICj^tl 

)sS5i-FX2S:*i;3it-5fi[Bic*3tiT, ii2©ma/« 
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-HmSSf 2 9 2©Si^firatt, mi©««gA, 1^ 

f^2 0)mnm^\zmn^'^>7.nmz^x). n-iy 

XfflE^F 1 il^— :;^[pj(0«#^S5J-FX 1. FX2$:^i; 
bfc*JS«f8-C«, m 1 © U - K^ffigP 2 9 1, StX. 

^ 2 ® u - HfieaR 2 9 2 tt> ^iiimY<r>nmz%\^x 

SM^nTL^^o r©gBS{c±tXtf> ^1®#«BAS 
OJ^2®#f|^BOj^#iC*5(riT. A-f 7;^JS#FXi 
1^— ®:&|nJX®^S5fi8|?.|S5J-FX 1, FX2 5£^i;3-e- 

[0 0 4 9] 01~04(C@S^$nfcTMR*^t±v A* 

'i7xm^mmm2 1 i^^^^*., a'-t 7xmi?-^^s2 1 

tCj;?), :7'J-S1 2lcA-fTX«l!lFXSr9JJ0T-535^ 
e>. 7'J-ei 2fC*5lt-2>A';i/^'7N':7if>y'fX*^3fe 

2 1 TXfiS^F X©:^f f6jXTf^>ti^*t 

<E>, A*-<7XfiS#^^B2 1 ©*s:5f6l©ilSS??i5^)-(C. 3S 

#S2 3. 2 4SrJ^^-r^Ci*JT$-5. ^LOfctb. A* 
-f 7';^f=f##a2 3, 2 4tCJ:S7U— »1 2-tf>H 

[0 0 5 0] mm^ h >^)imMm 1 t/N'-f Txf*-^^ 

8:2 3, 2 4 i©ra©rBlPBtt, TMR^^b^^SISWtC 
<ST$-&;iOi J: o tzT^ftibizm&mmiz^tb^ ^iiibi 

^mif^um. mtimmi^. 0. 0 2um^:x±, ^ 

iZ. 0. 0 2itm&L±0. 3um£tT©ieH. 

0. 0 2uTn&L±0. 1 5 iL£m*SI©|BHfr-5^td* 

[0 0 5 1] FbISI©^*^ 0. 02 /zm^Sli/i^a:, 
TMR^^b^dteT-r-5«|6]tC*S. C:©-*T> r© 
GM*i:*:^<;S:Djii^T. 0. 3Mm*@^st, 

[0 0 5 2J Sfc. ±ffi©^JS©}g|g{C*5«riT. A-fT 
2 3, 2 4 tt, 7 U -S 1 2 ©M3gB5©±fiJ 



SebTt>J;Vi. 
[0 0 5 3] JE»C, A'-f TX®^^^«2 1 tt, -^Tjt 

y'^yi^7.z/u—f^2 2\^m^t^. ^fDy^vi/ 

7.':fu--:m2 2 ittA-rTxe^si^s2 iA^e.s?ai 

bTt^S. 7^-yi'X7'o-:/a52 2 1 

e/N*-f 2 1 iC^AStl, Mtc:7 U -S 1 

*5liT, ^^^■y^XT'P— :/??2 2 1 Sr^^'^7U>y 
®ABS(CiaM31±, ^Jatth>4^;l^:^mitt, 

^ ©^migr ^ d t jji-e* -5, 

[0 0 5 4] 77'y^^X:/P— :/g52 2 Itt. ^-Wig 
75^, /'W TXJK#|j|^B2 l©(sJ;Ofe»E<, A^fTTi 
m#li»»2 1 /6^^?§mbTti^*^e, aSTMR^^ 

^KlSm^-y F©^^lfO^^tbTffl0ifc«-&, 
'Ny Ynn^V'y V ^^\%-y "7 y ^7.-fU—-:f^2 2 1 
©ifiT^^snsa/jNMtciS^-r^-s. 

[0 0 5 5] ^Mtt h >;^;i/xli*K 1 ©*!«, 7^-^i7 

;^:?'D-::''ge2 2 i ©"[B<i:^biid^*-5.titt:;^#<, 
A-fTXfiSI^Sf«g2 i©*§j:r)fc/hS<lS:^$n 

Tlri-5.„ A-f TXKI^glSS2 1 ©iUtt, 0. 5~4m 

mSS, :7^-v^xyD— :/gg2 2 i©i|g«, o. i~ 

[0 0 5 6] ^^yi'XT'n— :/g62 2 1©^ 

0. 0 1~0. 3 Mm. JfF*b<tt, 0. 0 1 
~0. 2um, $^tc»*b<tt, 0. 0 1~0. \ii 
m{cl8«$ns. J:©MttK»?;a:< 0{cjSVi**^J:v» 

*^(.i«W^I@»C*5ttl>, :7iJ-^l 2 ttf>h'Sl 
3 i:©Sm«)>'3-h©feg^tt7!|i^b.5. «£oT, TK 
ffiW. 0. 0 1 i[imieari:-r*©*tJ;Vi. —sr. 3?iUa 
/i^, 0. 3AtmS:eA-5t. m:^*i{£TbfcO. *S*|pI 
©/NW TxmifF X*iT*^)-t;a;r3>'\*;Wi'A":7-t?>y-f 
Xd^^b^^cDbTbS^. 

[0 0 5 7] 05ttmi©'J-H«S^2 9 ISaf^2 
©U-H«@gB2 9 2©)?iJ©gHS€:S^-r¥®ST$.S. 

0{c*5(,iT, 'm2\zwafz.m^^'^ t.wi~<r>mm.^^\z 

o^iTtt, 1^— ©#fig^^^£#bTafe-5. ::©5IJS09T? 
®1©U-H«SSC2 9 Itt, 5pa^ai = 9o 

° , S§gfDXl = 0i:;^^fitB(riSS$nT(/^-5<, ^2 
©U-H«gSB2 9 2©fig(4. E2©ig^<i:««(^i; 

^:©«^tcfe, mi©^«JiA&u:m2©#it 

^B©i^«tri5(r»T, A*-f TT-HSftPXtl^— ©:&|6JX 
©«s5[®#fi£iJ-FXl, FX 2Sr±i;$-B-#^. 

[0 0 5 8] 06ttmi©'J-K1iiSgB2 9 \mJ-'^2 
©•J — HmffiS52 9 2©|gtCSiJ©KBSr^-r¥S0-Ca& 
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mxi^. m 1 CD 'J - HmssE 2 9 1 jsiz^m 2 ® u - Km 

[0 0 5 9] @7tt^l©'J-H«ffi«»2 9 1X0^^2 

®u-K«sg?2 9 2<DW\z^n<D^m^^-r^mmx'$> 
^iz-Dt/^xit. m-o)mmnn^i^vx^^. ^<Dmm 

m-V\t. ^ 1 <D U - H«S« 2 9 1 tt> AW TxieniF 

X©:^l6lXJca&-5-fll®{C*3liT, l|l©^««AtC^ 
^t. S2<D'J-HSffigB2 9 2«, A'-YTXa^FX 

®:*fSjx{cfcs<fflfflffltc:*5ViT. fH2<DmmmBizmm 

bT<riS. mi©U-H«ffigB2 9 l&tXm2©U-H 

msss 2 9 2 (Dum\t, ^ 1 cD^me Ascx^ 2 omm 
mB<Dmm\zm^\ atc^si^x, ±T^[6itc#ijjb# 

2., C:©«-&JCt>, al, a2>0'' . WSb<tta 
1, a 2^5° CD^lS®ffl(Ci5ViT. A'^f TXBBeHIFX 
tl^— »:*^FfilX©m«SJlKlfj$^J-FXl» FX2«^^D$ 

[0 0 6 01 mi®u— KmS^2 9 imm2<DV— 

Hm@gB2 9 2<DEgfCKbTtt, 01~S7tca^$ 
[00 6 1] @8tt**?«lC»STMR3(IT©Si|©5lig 

m^^-tmmm. m9itm8\z^vrzTMRmT0)iEm 
mmm. aiott-r9<Dio-i o^(c»ofc»f®@T 

*-5o 0*$n;feTMR^^^«, ^^"y^X:^;-^ HB2 
2S^O. 77y^X;«-f HM2 2(4, 7U-^12{C 

iK^WfciK^snv ■?-®-«*t:7^u/i7x:/p-:^S52 
2 1 $«^-r-5. c:©:7^'yi5'x:/D-::/^2 2 H4/\* 
-f Txfi8#^#«2 if)^<E>mmLx^^?>. f^^mm-i. 

;«;-f FM2 2*@oT. y^j-mi 2fzwm-^n^. ^ 

■yci—^m2 2 1 $^m^TU>i''ffiABS{C{4S$ 
S*i^§loJ2^^y^:&M{ciBB•r■5^:i:*i■tf#?>. 

JC). ef«j!jpxB#> hv<i-mmmxmz^\^^x. 

rm 1 1 izmm.mz^ 3— y-i}m±-r ^(o^mmt 

[0 0 6 21 y^y^y.-fu—:/^2 2 iti. -ewli 
ti^. /U7y^m.^mmm2 i(Di^^r)hm<. awtx 

H©fl±h7-yi'i|B«7^'yi'X:/P-:/g52 2 1 



[0 0 6 3] b75^t)> yy'y^X^-<\^m2 2\i. A-f 
7xa5^|j|^H2 1 iWSiJ©®t;5:oTi.i^*^e., 7? 
!yi^X:ff'f KS2 2«, A''r7X«^K^g2 1 tttgij 

[0 0 6 4] 7^ yi'X:*f'r F^2 2tt. A-fTXlK^ 

mmm2 i<D/^'f77.m^FX(D^i&\xt^mLx:^ 
0, -«*t77>yi>x:/D-::^gK2 2 1 *«|figbTt» 

-5. t¥oT> :7^-;/5'X;9-f KB2 2*?, ^©jS^tciJ 

^-^moi^^VTc^m^^^^. yy yi7 7.-yn--ym2 

2 1 tLTfiJffl-rsctd^T^-s. z:®fcae>, iissaE© 

[0 0 6 5] ^8~01 OlCS^LfcHiS^sHCiJViTfe, 

m 1 © u - h*«@g5 2 9 1 tt. ^1 ©mffi/K»->-;^ 

Kg52 5. 2 7 izm.n^±.>xmm. i s^vn'-i-tx^ss^ 
Fxti^— :5[6i©ai^^4i-FX 1 Sr^D^-a-^&etccfe 

liT. m 1 ©«S/lKm v— -'I' KSP 2 5 , 2 7 ©-gStC 
«^WtCjii^-rS. ll2©'J-K««i3B2 9 2f±, ^2 

0)nMXm^>'—)l HgP 2 6 . 2 8 ^P^SSSB 2 

6 izmm.6^\zmm^^o ig 2 © u - ksssb 2 9 2 

tg 2 ©«a/«^i>— ;w Hgp 2 6 , 2 8 cssn^-t: >x 

S*V'?-fTXfflSlf-FXt^-:^(Sl©li8#j^^)-FX 

2^:ii;$-«-steBtc43ViT. m2©ms/««->-;i/ 

F^2 6, 2 8©— ^tcm^Wtca^^. ZltltCck 
0, m^m^FXI. FX 2 (09 #88) *=ffJfflLT, 

7 u 1 2 ic:BiiJirr'<€r>'N*'f Yxm^Fx^m^r^ 

^tti^X^^. 

[0 0 6 6] mi l«*^egfC^-&TMR^^©SiJ©^ 

mm^^t^m. 01 2«si 1 (r^b^TMR^^ 

©l£:^»f®0, 01 3«S1 2©1 3-1 3^{C«>ofc 

»r®0Ta5^. stciJtiT, mi'-sizmtitcm^Si^^ 
;i©*jg«qTtt, ^JKtth>^;i^*iKitt, :7 

';-^12, h>^;l'AUT@l lSD^t;>K^l 3© 

justcas^nxvis. :7 5>yi7x;«f-f k«2 2(4, 
—Ml 2 tf^mcj^fiK^nxi^s. yy yi^y.:^}^ KM 

2 2«. 7U-P1 2t|B|^!^X»-5*^\ A-l-yXM^m 

mm 2 1 tmmx$>r). a-t Txa#^ss2 i©± 

[ 0 0 6 7 1 m 1 ©U— Hm«gP2 9 Hi, ^1 ©«« 

/iS^v'— ;WHg62 5. 2 7 (CSgns-fe >xmdit I 
A-f 7Xfi^#FXi:i^— ;&lfi]©fiS#fiK5J-FX 1 ^^D^ 

i±sfe@{c;fevix, m 1 ©«S/e^->-JW HSt 2 5 , 

2 7 ©-atcaawjcjasj-rs. 

[0 0 6 8] m2©«J-h*ll®gB2 9 2{4, m2©®@ 

ymn.~>-ji hbp 2 s . 28 ^^^s-r s«sm 2 e {c« 

aWJCil^TS. m2©'J-H«ffigP2 9 2(4, m2© 

nm/mm.i^—jv Kg52 s , 28 \zi&n^±i>xnm i 
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^^Fxi. FX2 mi 2mm) ^mmvx, 

gi 2izwm-r^^j'i^77.m^Fx^mmt^^intii 

[0 0 6 9] 01 4ii:^mmizm?>TMRm'T<09i<om 

mm^^-riEmmmm. mi sumi 4cdi s-i 
tc»ofctKffl0T*^. 0{c*3iiT. mi-sizmnrz 

nt. f>Hgi3, hy^)w^')Tmi lRz^yv- 
ml2<om^zmmvtcmm^m■r^. ;u77.m^mm. 
m2Hiyv—mi 2izmmv. ^^-y^xj^-r Kg2 
2wuT7.mn^mmm2 i(D±\zmm^tixif^^. y 

'yv^Xil'i ^m2 2 /N'-r TXK#§|«» 2 1 i 

[0 0 7 oj iiiou-h*mffis»2 9 1«. moms 

/iKa->-;H*SK2 5. 2 7 fcdKns-lr>xasg i 

n^7xm^¥y.t.m—^^oymm-i$.^Fxi ^^us 

2 7 ©-gftrmmWlcilil^gT^.. 

[0 0 7 1] m2©U-FmMS52 9 2tt. ^209mffi 
/m%i^-)V Kg52 6 . 2 8 ^^J5E-r-5SSg 2 6 tC® 

n.m\zmm.t^. m 2 © u - k mssp 2 9 2 ^20 
nM/m.%z^—)v HIS 2 6 . 2 8 »cflKns-fe>xm«E i 

s*v\--i* 7xm^¥ xtm-^m(n>m^^^¥ x 2 
i;$-&^fi:Stc*3ViX, m2®«li/«sa->-;Ph*g52 

6. 2 8 ®-gp{c«M«jtciSii^-r^. ciniCcto> 

JEfi^i-FXK FX2 (014#fig) &fWUT, 7U- 

g 1 2 \z^tisir^'^n-i Tx«#F X <£Ji^T-5 r t 

[0 0 7 2] SI ett^i^BJtC^-STMR^^ODgijOil 
J6«>9**-rjEB»r®0. 017 \im 16<017— 17i» 

1 tt. e > Kg 1 3 . h >^;u/\' U Tg 1 1 jR.Zfy U - 

g 1 2 ojsjcag Lfc^B^wr^o /N'-f Txm^mm 
g2itt, yo-mi 2tmmzm^^tix^^^. y^ 

y^7.ii-( Hg2 2tt. )%-{7yMmmm2 1 tttgij 

gT*D. n^77Mmwmm2i<i>±.\zmm^nx^^ 

[0 0 7 31 mi<D'J-H«ffig52 9 1 (i, |g 1 
/?Ka->— ;PH»2 5> 2 7 »CSi!n^-t>X«gg I Sifi 
A'-f 7 F X t |^-;^rn](Dfi8#fi£i> F X 1 ^ ^ C 3 
•a-^«igtC*3t^T. miCD«®/fiS^->-;i.Hgf2 5. 

2 7 ©-gPIC«^e«JtCili^T-5, 

[0 0 7 41 ^2(DiJ— H«ffiS52 9 2tt, ^20D«ffi 

/?KSt->-;p h*a5 2 6 . 2 8 ^mm^^nmm 2 e »c« 



»W{C]lS«-ri>. S2<DU— H«@gP2 9 2fi. 112 05 
mS/SSMv— KgP2 6, 2 8 JCdgn-5-t>xmgE I 
S dVN'-r TX«#F X 1 1^— *|PI®«8|!L^5J-F X 2 Sr* 

6. 2 9,(r>-mzmM.mzWm-^, ;rtitc<to. fi^^ 

fiE^J-FXI. FX 2 (S16#Rg) SrfUfflUT, 7U — 
gl 2{CWJnT'<^A*'fTXfiSlfFX^&li^r-5c:t*« 

[0 0 7 5] a8~Sl 7tC*Lfc||Mfi^Jr*3ti-rt>, 
^lSZ/|g2CC»U— H«ffigR2 9 1> 2 9 2tt>B5~ 

^. 

[0 0 7 6] 01 8«±KEbfcTMR^^S:iE;i».mb^ 

Tffl^ifcffirt^®fflf*SglKSt'\>;; K®^0, 01 9 « 

01 ^\zivi\^TzM^mm.^v K«i£:*c^®0^^LT(.i 
-5. 0S^<7)il|^fiS^'\-v Hti, X5'1':5^4CD±tc:*:^5g 

\z%^ TM R ^^^Ttt^jsg^ nfc^^m 6 

[0 0 7 71 X7'f^'4tt, ««c^lpJ®(B!l{CU'-;W4 
1, 4 2^mV. I-'— ;KD^H**ABS4 3, AAi^V 
XUm^n^. U— ;W4 1. 4 2«2*|-|g&;iti, 1 
~3 2^®^-;p*W-r^c<t7!»t^0. 

\z. m^itts^i onmmm<Dmm^^-t^T>i^cm(r> 

^®;0^ABS4 3, 4 4 <h;S:^o X^-T ^4 iiAhOs-Ti 
C#-Cife^S«:4 1 0©«®(CAl203> Si02^»*EtSI«eiik 
M4 2.0 ^Wt»^±^5yi7m7&i^X&^. 

[0 0 7 81 m^&^m^5Rzfm^m.t)m^6\t. v 
— ;i'4i, A2(r)—^'^fz.\-im^(DVV—'^)y^. x-v 

j^TR©ffllI{C«A^tlTti'5. SSZ/^^^^- 
0)S8SPA^ABS4 3, 4 4 t iaS^L.ySi'aSlcS-S. hP- 
-U>i/. X>yvTR©fi(ltC&-5X7'f ^^fidffilCtt. » 
#ji*^^^5{CSiiS$tlfcSt0tlib«S4 5, 46&aC 
M*-JR0^^6{C«iK!$nfc?tOWb«ffi4 7, 4 8*« 

[0 0 7 91 5«> m?m^%^<o\zn-r 

HliS***aTii-5m 1 ®«14IR5 1. ^ 

2(D«Sttm5 2. 3-f;VM5 3. 7 )\^^^mxU^^\ 

^. ii2CD->-;i'KMti. mKJ^w&m.^ifs^ibmLX^ 

[0 0 8 01 milOfiSilllgS lS:(^^2(Dmi$l^5 2(D 
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-SSSSP (Sti^gC) 5 1 0.5 2 0itW^m^(D^^-y:f 

T J: t,i. ^15:0^^2 ®iSttM5 1, 52CD«SKfb 
IHStg;^©r6j±^®S;^*^6.. a^©5)ta, ISiZf. SIS 

Ai>isnTti-5. *^Bj(ci3tiTH. ;iti*T^*$n 

[0 0 8 1] m2(Dm^m5 21fi. ^^-JV^(DmtZioh^ 
X. ^^>;/yK5 4©S5i:^ff^ffi{C^LT. 
xmmVXA^±iii^. m2©mi4)K5 2«. JgfC, II 

1 (Om^mSl iKOmiZ-i >-3r—^^ yZf^^^X. A 
BS4 3> 4 4 CD^;&JC]!f t/C. ^^{C*5tiT^ 2 ©^tt 

K5 2fci!g^;snTti-5. cLtitcjco, mi<^m\±m5 

[0 0 8 2] 3'f;l/^5 3tt. ^lRrX^2(DS^tilK5 
1, 5 2©^lt#ESn> a:5iK^®^D^j!S#^*fJC 
0-5. ri'f^l/aes 3®MSgtt> mDaibmffi4 5. 4 6 

tC^a$nTtri-5 (03 7#^) 3-f ;i^K5 3CD#iS: 

[0 0 8 3] itmms 5itmiisk.zfm2<Dwitm5i. 

^fe^^ 5 5 roSffitCfi^ 2 WfiStt^ 5 2 etlTlri 

*6«i:i^5 5tt. mmmmmm.^tz\^M^^yi^m 

i02aT^^. «5i&^5 5$-t:^5>y^KtCj:t>T«fiK 
[0 0 84] 5 6 5 6 

^ft:*^, ^mms&\z^'z>x^m^n^z.t:\zfs.^. % 

[0 0 8 5] ^*ljDSg^6«. ^^igtC-KSTMR^ 
i^-C*i^;^nTl.iS. Cl©M*-ffitO*^^6«. ^l©-> 

-;i/FK6 It, m2©->-;i/h*^6 stw^lfctJii 

T, «emM6 3©|^^tCi2S$nTl^-5o ^P6 3« 

^ 1 <Dy-)V HW 6 1 Rt^m 2 <Di^-)l KM 6 2 
•r'5lJ0mbttS4 7, 4 BJC^iggStlTUS (SI 8 

[0 0 8 6] 020 \t.m&mSimmmm.%^'y h©i£;*: 



iQ^^X. m2©mttl^5 2«, i^ffi5 2 5i:. ffilim 
@5 2 6 <i:i&-g■^T^i^. ^^S5 2 5 «SiS«^ji.^ 
j}^-;i/g5€r«lfig;b. «aimffi5 2 6 (1±SSS5 2 5S:tX 

^ 1 ©isttig 5 1 ^m.m.m\zf&^^^. n i (Dwmm 5 

1 «imS5 2 5 75^e>*i;fcmm©MDfi8ES^<^fi£-r 
S„ n-f 5 3 ttifiS® 5 2 5 5 2 6 © 

<i:;^^:;&[p]lcmUT^«iefiiSrfT5©T\ ®«6Ti«Vi 

[0 0 8 7] 021 «*^BJ{c#^mM'\-:/ HSM©- 
gl5$r^TiEffi@. 02 2tt04 1 tCS^Lfca^-^-y Kg 

K 8 (40 1 8 ~0 2 0 S:#BiLTItt^bfc*^?9tC«.5 

[0 0 8 8] 's-y KStJtgia? tt, ^JIi»«T;5:«.^Jt 
W-7 3<0&^^\pl<D~mz3b^^^m\Z. |^D<^jS» 
«T?;5:^^^#:7 1^3t#tt, C1©pI^7 1 ©TSlC 
K 8 ^^mnz.m^t.l3.'}X\i^^. 

[0 0 8 9] nr^7 1 tt, 3t«f^7 3©g^^rp|*WS 
tm^ff bT#at-5 2 0©^fi!l#gB7 5, 7 6 t, 3^}^ 
ft: 7 3 e.fenfe^tC:fel/^T^1-fflS#g5 7 5, 7 6 
T-5«l#7 4t, «l#7 4®BStf5ig5*^enffl!l#^7 
5, 7 6{c:BSWT-5J:-5tC3ffirXTliT5fe^^eftaSt 

[0 0 9 0] #4^>t7 2©{5«t|'*gKfcH, ^m{$-7 3 
*>e>^ebfc, 0i|x.fi#I*4^©ltSffl5ljS7 7d^^tt^ 

nxii^. ^KomMm^m? 7\z^r), ^^7 3©a 

*)S*-'esH^>i-7 2'\<^a:*/0^'eAe.n2)o 

[00 9 1] 7 2 ©T®lC»li«Sm'\>y H 8 S-S 

tt, S^«Ea«^<ffl*t«t#7 4©55rl^tC^t^<l;^tC, S 

4*jit7 2\z^m-f?>nx^^^o :^^mzmm'^mu^y 

i^^mms 7 tt, ±mmmm izm ^ ^ t^. 

[0 0 9 2] 02 3\t^mm\z^^mm.^^ :z.i;mm<o 

m^^m^m\z^-tmx$>^. m^-^nrzmm.'f^x^ 

^Stt, m«'s-yKgM9t, m^X'CX^' 1 0<h&^ 
tr. am^<y Hg«9tt0 2 1, 2 2{C0S^bfcfe©-e 

&m»iisbmmi nz^-:>x^m^ti. ^iisn 

gB7lcJ;oT^JtSn, iS^x-fXi^l 0©fi8miB» 

[0 0 9 3] 1 Oyot, mTnVfSif^mWimm 

tc±o, ^8JAi©*[pjtc!HieiK»jstx^i, ai^a^ 

^JiTS. 02 3{C03^3tlfcffi^7^-f;^i7^a»4n- 
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^'v^y K 8 \i^^mm 7 ?&lHlftel5»T-S^Bft 

1 fCtO, SSmT^^-X^^ 1 0©g;^[6)b 1 Sfc 

[0 0 9 4] £;Ji, ifSLt^|||g«s|=&#^l,T*^BJCD 

nm^izm-^^^r. mmm-v&mt, m^<o^mw^^ 

[0 0 9 5] 

(b) y')-m\z^m^n^n-(T:^mm-^m^\.%^ 
[01] ^^m\z^i>TUKm'f-<r>-Mmm^^-tmm, 

[03] 01, 02JC^LfcTMR^^^©iEffiteiffi0T? 

[04] 03©4-4f|fC«ofc»fffi0-Ci5-5. 
[05] *^?gfC'^^TMR^^(C:fett'5miCDU— K 

[06] *S!5gt|g-5TMR3g^lC*3ttSmi©U-H 
mSgPSZ/m 2 © U - Hm«g5©JE tSiJ©gBS*^-r¥ 

H0T3&-5. 

[0 71 *5§igJC«STMR5!l^t*5tt5lll©»J— K 

mm^ms-^ 2 ©u - Hs«s5©Mic»j©Ea<&^-r¥ 

®0Ta&-5. 

[0 8] ^%m\z^^TURm^m\<nmmm^7Tcr^ 

«0Ta&-5. 

[0 9] 08C^bfcTMR^^®gP^M£:^iP®0t?* 



[01 0] 09©i 0-1 omzm-ofzL^mm-c'^,^, 

[011] *5!Wtc:«.5TMR*T©MfcSiJ©3yS0iJ^ 

[01 2] 01 lfC^L.fcTMR?5l^©jEnB»fS0T* 

■5. 

[013] 01 2© 1 3-1 3«{C»ofc»r®0-efe 

^, 

[014] *5!?gtC«STMR3g^©M{c:!SiJ©|Ufi««l?& 
*TiES»rS0T*-5. 
[01 5] 01 4©1 3-1 3llJce^/t»rB0Tafe 

[016] *^BJ{c«-5TMR*^'©MtC»J©||Jfi«»|?& 

[017]016©17-1 7«JC»ofc»f®0-T?fe 

^„ 

[018] *^5gfC^STMR^Ti£:M^mL^i^tL 

[019] 01 9\Z^VtzMmmm.^^y K©l£:*c»fB0 
[02 0] *%?g(C»-&TMR^^?&^i9-tfib*Ttb 

-So 

[02 1] ^mm\z^^mn.^v Kss©-gK*^f je 
®0-ca&-5. 

[02 2] :^m.m\Z%^mm.^y KSS©— S5*5^-riE 
®0T^-5, 

[02 3] *^5^tC'^^fi8«7''<-Xi7^§©;PfiK?&;^it 

W»c^-r0-ra&-5. 
[^^©gl§8] 
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